Introduction
In previous reports we have described matching sequences between transfer RNAs (tRNAs) and small subunit ribosomal RNAs (rRNAs) [1, 2] . The matches have expected numbers ranging from 0.1 to 10 -6 and are found in 30-40% of the searches. Comparisons were made using tRNA and small subunit rRNA sequences from highly divergent sources representing archaebacteria, eubacteria, eukaryotes, chloroplasts and mitochondria. Matches are found when searches are conducted using tRNA sequences from one organism and rRNA sequences from another, just as they are when the searches are between RNAs from the same species. Additionally, the matches are found with similar frequencies indicating that the matches reflect true homology (i.e. common ancestry) rather than conversion [2] .
Simple pairwise sequence comparisons between macromolecules, however, may not reveal relationships which may be revealed by their mutual rela-tionships with a third molecule. Here we describe data for one case, tRNA arg from Euglena chloroplasts and the small subunit rRNAs from the same organism and from yeast, and discuss mechanisms for its origins. The phenomenon may be a manifestation of "genes in pieces" [3] as related to structural RNAs.
Materials and Methods
The Los Alamos searching routines [4] were used to find matches between the arginine-encoding tRNA from Euglena chloroplast and the small subunit rRNAs from this same source and from yeast. Sequence data were obtained from GenBank (Bolt Baranek Inc.) and from Stutz [5] . The tRNA sequence was standardized to the numbering system of Sprinzl and Gauss [6] and small subunit rRNAs were standardized to E. coli [7] . Matching regions were plotted, tRNA vs. rRNA, as described by Bloch et al. [2] and overlapping matches identified from the plots. Values for the probabilities and expected numbers were calculated according to Bloch et al. [1] as modified from Goad and Kanehisa [4] . Under the conditions used for the searches, penalties of -1, 2,3 for matches, replacements, deletions/insertions, respectively, the expected numbers as calculated are a close approximation of the numbers found using scrambled sequences, being underestimates of the latter by a factor of 0.5 at worst (unpublished data).
Results and Discussion Fig. 1 shows matches between the Euglena chloroplast tRNA arg and the small subunit RNAs from Euglena chloroplast and yeast. The default cut-off value of 1 x 10 -6 for the probability screened out matches with probabilities higher than this value. The modest region of overlap in which the match is shared by both rRNAs would not be sufficient using this criterion to identify the match between the two rRNAs.
The configuration including the three molecules has a very low probability of occurrence by coincidence. The low probability also translates into a low expected number that takes into consideration the number of opportunities for a given match to be found along and among all of the molecules searched.
The positions of the rRNA sequences in the secondary structures of the molecules. Thus the tRNA shows a match beginning with the Euglena chloroplast 16 S rRNA and continues by matching a contiguous portion of the yeast 18S rRNA. The portion of the tRNA sequence involved in the match extends from base 16-51, corresponding to the Darm through the beginning of the TWC stem. Therefore it includes both a highly conserved region (Darm) and a much less rigorously conserved portion of the tRNA molecule (anticodon arm). Fig. 2 shows a match between the tRNA arg and a consensus sequence drawn from six additional matches involving homologous regions of rRNAs. The consensus base is represented by that single base which comprises a majority of 50% or better among all the bases in a given position covered by the available matches.
Overlapping regions of tRNAs whose extensions match contiguous regions of an rRNA are fairly common. Eight of these and related configurations have been encountered among comparisons of 104 tRNAs with 5 rRNAs. Related configurations include contiguous associations where the pair of tRNA matches against an rRNA abut against one another, interrupted associations that include mismatches between the pairs, while maintaining corresponding distances spanning the matches in both members, and double pairs of matches in which the spatial relationships are maintained while the rRNA is replaced by a pair of rRNAs. In the present example, the pair of matches involves two rRNAs and a single tRNA.
The configuration in Fig. 1 might be explained as the result of recombination or gene conversion. Presumably the evolutionary history of these RNAs included a large number of such events that resulted in the scattering of matching segments, many of which are large enough to be recognized. It is interesting to speculate whether this history was marked by a period of intense recombinational activity, or whether such activity occurred continuously and still occurs. Comparison of configurations among closely and distantly related organisms may provide a clue. The preservation of the segments must reflect constraints on both mutation and recombination, probably because of interlocking functions that would require compensating changes at multiple sites.
These segments are reminiscent of "genes in pieces" [3] although there is no apparent relation here to introns as there is among the coding genes. The most obvious example of shuffling segments is seen in the displaced homologies [8] or "slippage" [7] . For example, 13 tRNAs share common se- quences in positions 11 through 23. An additional tRNA shares the same sequence at position 2 through 14 [2] , The existence of matches among RNAs belonging to these two classes of molecules that serve obviously different functions, their variable positions among molecules within the same class [1, 2] , and their occurrence among molecules belonging to widely disparate groups of organisms [2] suggest the matches are relics of fossil sequences which reflect a common origin for these molecules. Further, these observa-
